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Clinical Presentation and Gene Expression
of Acute Alcohol-Induced Microvesicular
Steatosis Mimicking Alcoholic Hepatitis

Laurent Spahr,1 Nicolas Lanthier = ;2 Mathieu Tihy 3 Jean-Louis Frossard,! Laura Rubbia-Brandt,? and Nicolas Goossens’

Acute alcoholic microvesicular steatosis (MIC) may complicate heavy alcohol intake and present as alcoholic hepatitis
(AH) syndrome. However, detailed clinical, biological, and histologic data associated with MIC are scarce. We com-
pared the clinical presentation, histologic features, and hepatic transcriptomic of patients presenting with AH due to
either MIC or severe alcoholic steatohepatitis (ASH). In this case-control study, patients who drank heavily (>100 g/day)
with the AH syndrome were included either in the MIC group (>50% severe microvesicular steatosis, no inflamma-
tion) or in the severe ASH group (polynuclear neutrophil infiltration, macrosteatosis, ballooned hepatocytes). All pa-
tients received standard supportive care plus steroids for those with severe ASH and were followed up for 3 months.
Whole-liver transcriptome profiling was performed on liver snap-frozen biopsies. Compared to ASH (n = 24, mean age
49.3 years), patients in the MIC group (n = 12, mean age 49.1 years) had a higher reported alcohol intake (P < 0.01),
lower Model for End-Stage Liver Disease score (P < 0.05), lower hepatic venous pressure gradient (P < 0.01), higher
alanine aminotransferase (P < 0.02) and gamma-glutamyltransferase (P < 0.001), higher triglycerides (P < 0.001) and
total cholesterol (P < 0.002), but similar bilirubin levels (P = 0.54). At histology, patients with MIC had a lower fibrotic
stage compared to those with ASH (P < 0.001). A higher density of megamitochondria was seen in MIC compared to
ASH (P < 0.05). During follow-up, death or transplantation occurred in 4/12 (33%) patients with MIC and 7/24 (29%)
patients with severe ASH. Differential hepatic gene expression in MIC compared to ASH included down-regulation of
genes related to inflammation and fibrosis and up-regulation of genes involved in lipid metabolism and mitochondrial
function. Conclusion: MIC is an acute, noninflammatory, potentially severe alcoholic liver injury mimicking ASH, is asso-
ciated with a lower fibrosis stage, and has a distinct gene expression profile. (Hepatology Communications 2021;5:618-628).

intake.®¥ The histologic expression of AH, under
the name of alcoholic steatohepatitis (ASH), associ-
ates lobular infiltration with polynuclear neutrophils,

xcess alcohol consumption may be compli-
cated by a rapid deterioration of liver function
associated with jaundice, a clinical situation

that is described under the name alcoholic hepatitis
(AH) syndrome."”) This clinical presentation includes
a rapid onset of jaundice within weeks, which is
clinical and biological evidence of hepatic decom-
pensation in the setting of heavy ongoing alcohol

steatosis, and ballooning degeneration of hepatocytes
that may include Mallory-Denk bodies.?) However,
AH syndrome may also result from other conditions,
including biliary tract obstruction, drug-induced
liver injury, metabolic liver disease, sepsis, or from

Abbreviations: AH, alcoholic hepatitis; ALD, alcoholic liver disease; ASH, alcoholic steatohepatitis; GGT, gamma-glutamyltransferase; GPAM,
glycerol-3-phosphate acyltransferase, mitochondrial; HVPG, hepatic venous pressure gradient; MELD, Model for End-Stage Liver Disease; MIC,

microvesicular steatosis; PLIN2, perilipin 2.
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severe alcoholic fatty liver with diffuse microvesicu-
lar steatosis (MIC).") These coexisting confounding
factors may account for up to 20% of patients with
a clinical diagnosis of AH.%® According to both
American Association for the Study of Liver Diseases
and European Association for the Study of the Liver
guidelines, a liver biopsy is recommended when the
diagnosis is uncertain and when histologic confirma-
tion of ASH is needed in clinical trials.** In patients
with severe AH, prednisolone improves short-term
mortality® and should be proposed in patients with-
out contraindications to steroids.

Acute alcoholic MIC, also reported as “alcoholic
foamy degeneration” or “spongiocytosis,” is less com-
mon than macrovesicular steatosis, may mimic ASH
when severe, and is a poorly characterized manifesta-
tion of acute alcoholic liver injury.*® This condition
differs histologically from ASH and typically demon-
strates structural alterations of hepatic mitochondria or
megamitochondria,”) numerous small intracytoplasmic
fat droplets resulting from mitochondrial dysfunction,®
or no inflammation and varying degree of cholestasis.*”
Thus, MIC shares some similarities with conditions
demonstrating altered mitochondrial function,(lo) but
11 and no specific treat-
ment is indicated. Therefore, the aim of this study was to
explore this uncommon and often overlooked condition
that is part of the AH syndrome by studying clinical and
biological characteristics, histologic findings, and hepatic
gene expression as well as follow-up of patients present-
ing with MIC compared to patients with severe ASH.

the clinical outcome is uncertain

Patients and Methods

We carried out a case-control study as a substudy
of an ongoing prospective cohort of patients with
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alcoholic liver disease (ALD) performed in a single
tertiary-care hospital with expertise in clinical hepa-
tology and liver pathology.

Our cohort was divided into cases with a diagnosis of
MIC and controls with a diagnosis of ASH who were
matched for age and sex; the control-to-case ratio was
2:1. Inclusion criteria for all patients were as follows:
heavy (>80 g/day) recent alcohol intake; clinical pre-
sentation with AH syndrome; Maddrey’s discriminant
function 232; no sepsis, no hepatitis B or C or human
immunodeficiency virus infection, no exposure to drugs
reported to be associated with MIC (i.e., valproic acid,
tetracyclin, nucleoside reverse transcriptase inhibitors);
and written informed consent to participate. All patients
had a liver biopsy performed early (median, 3.3 days;
range 1-7 days) after hospital admission by one investi-
gator (L.S.) using the transjugular route, as described.?
The hepatic venous pressure gradient (HVPG) was
measured, and the Model for End-Stage Liver Disease
(MELD) score was calculated from all patients at the
time of biopsy and at every follow-up visit. Laboratory
testing included liver function tests as well as determi-
nation of total cholesterol and triglyceride in the serum
by using a commercially available enzymatic method
(Roche Cobas Analyzer 8000; Roche Diagnostics Inc.,
Rotkreuz, Switzerland). Clinical management included
standard supportive care, management of alcohol use
disorder, and Lille’s score-guided steroid therapy in
severe biopsy-confirmed ASH, as recommended.”)
During a follow-up of 90 days, patients were listed as
alive, dead, or having had a transplant, and the return
or not to alcohol consumption was regularly assessed by
the investigators during three outpatient visits.

The first part of the study aimed at describing patients
baseline characteristics and outcome. The second part
was a genomic substudy in which the differential hepatic
expression of genes was assessed in both groups.
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LIVER HISTOLOGY

For each patient, one part of the liver tissue speci-
men was fixed, processed, and stained using standard
hematoxylin and eosin, Masson trichrome, and retic-
ulin techniques, as described.™ Although the trans-
jugular access for sampling liver tissue typically yields

HEPATOLOGY COMMUNICATIONS, April 2021

fragmented material, it is accepted as suitable for a
reliable assessment of histologic features. ! MIC was
identified as numerous, small, intracytoplasmic vacu-
oles in an enlarged cell with a nucleus remaining in a
central position, resulting in the hepatocyte having a
foamy appearance™® (Fig. 1). In the absence of estab-
lished diagnostic criteria of severe alcohol-induced

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

FIG. 1. Histologic aspect of typical lesions observed in MIC and ASH. (A) Severe MIC. (B) ASH. Arrows indicate megamitochondria.
Inset shows a closer view of MIC and megamitochondria (hematoxylin and eosin stain; original magnification x400). Abbreviations: BA,
ballooned hepatocyte; MAC, macrovesicular steatosis; N, nucleus; PN, polynuclear neutrophils.
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MIC, we used the following histologic definition:
>50% of MIC + variable degree of macrovesicular
steatosis and fibrosis, no polynuclear infiltration. For
the diagnosis of ASH, the presence of some degree
of macrovesicular steatosis + fibrosis + polynuclear
infiltration of the lobule + ballooned hepatocytes was
required.®™® The histologic aspects of both condi-
tions are illustrated in Fig. 1.

We also performed a semiquantitative evaluation of
several histologic features commonly observed in acute
ALD by using a scoring method derived from a recent
publication.’® This evaluation included steatosis,
ballooned hepatocytes, lobular fibrosis, fibrosis stage,
bilirubinostasis, neutrophilic infiltration, and megam-
itochondria. For the latter, the histologic analysis was
as follows: 0, absent; 1, scarce; 2, numerous (>1 per
high-power field). These features were assessed by an
expert in liver pathology (L.R.B.) who was unaware
of the patients’ characteristics.

RNA EXTRACTION

The other part of the liver biopsy samples was
immediately stored at -80°C in RNA/ater stabilization
reagent (Qiagen AG, Hombrechtikon, Switzerland)
until analysis. Tissues were disrupted and homog-
enized in microtubes containing beads (BER0032;
Labgene, Chatel Saint Denis, Switzerland) and 1 mL
QIAzol (Qiagen AG) on a Minilys homogenizer
(Berlin Technologies) according to the manufacturer’s
instructions. Briefly, after mixing at maximum speed 3
times during 20 seconds, lysates were spun, transferred
to a new microtube, and incubated at room tempera-
ture for 5 minutes. Then, 200 puL. of chloroform was
added, and following vigorous shaking, microtubes
were centrifuged at 12,000 g for 15 minutes at 4°C.
The aqueous phase was mixed with 70% ethanol at
a ratio 1:1 volume (vol)/vol and immediately loaded
on a RNeasy mini spin column (Qiagen AG) in order
to purify total RNA according to the manufacturer’s
instructions. RNAs were then eluted in 35 pL of ribo-
nuclease-free water.

MICROARRAY STUDIES
An amount of 100 ng of total RNA was used as

input for the preparation of single-strand comple-

mentary DNA, using the WT PLUS reagent kit

SPAHR ET AL.

(Thermo Fisher Scientific, Reinach, Switzerland).
Targets were then fragmented and labeled with
the Affymetrix GeneChip WT Terminal Labeling
Kit and hybridized on human Clariom S arrays
according to the manufacturer’s recommendations
(Affymetrix Inc., Santa Clara, CA). The arrays were
washed and stained on a GeneChip Fluidics Station
450 (protocol FS450_0001) and then scanned on
a GS300 scanner with AGCC Scan Control soft-
ware (Affymetrix Inc.). We used the Transcriptome
Analysis Console (TAC) software (Affymetrix Inc.)
to analyze hepatic gene expression in patients with
MIC and in those with ASH. Only genes that
showed at least a 2-fold increase or decrease were
considered differentially expressed. The differen-
tially up-regulated or down-regulated genes identi-
fied were then combined into groups with similar
metabolic pathways and functions.”1®

STATISTICAL ANALYSIS

Data were expressed as mean + SD or medians with
range. All comparisons regarding demographic, bio-
logical, and histologic data were performed using the
nonparametric Mann-Whitney or Wilcoxon’s rank
sum test and Fisher’s exact test, as appropriate. For all
statistical analyses, we used GraphPad Prism version
7.0 (GraphPad Software, San Diego, CA). Differences
were considered statistically significant at two-sided
P < 0.05.

ETHICAL CONSIDERATIONS

This research protocol was in accordance with
the relevant guidelines and Declaration of Helsinki
and approved by our institutional review board
(Commission Cantonale d’Ethique de la Recherche,
N° 13-097). All patients gave written informed con-
sent to participate.

Results
PATIENT SELECTION

The algorithm of patient selection is provided in
Fig. 2. Severe MIC represented 8% of all liver biop-
sies for AH over a 3-year period, consistent with pub-

lished findings.®
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January, 1, 2016, to December 31, 2018

n = 162 patients with AH undergoing
liver biopsy at our institution

n =10: advanced chronic
liver disease, incomplete

«—

n = 139: definite AH

v

histologic criteria for
alcoholic hepatitis

n =13: severe MIC

Other reasons n=8

ELIGIBLE BUT NOT RECRUITED
AH group
Refused to participate n =
Unable to provide consent n = 6
Coexistent HBV or HCV infection n =7

SEVERE MIC group
» Refused to participate n = 1

8

¢ none

LOST TO FOLLOW-UP
AH group
* No biological data from medical record n=13
» No information on clinical outcome n=8
SEVERE MIC group

DATAAVAILABLE FOR ANALYSIS

AH group
* n=89
SEVERE MIC group
* n=12
Patients with AH matched 2:1 to patients with
severe MIC
AH SEVERE MIC
n=24 n=12

FIG. 2. Flowchart of patient selection. Abbreviations: HBV, hepatitis B virus; HCV, hepatitis C virus.

CLINICAL STUDY

At hospital admission, in addition to jaundice, all
patients presented with nonspecific symptoms, includ-
ing fatigue and anorexia, but epigastric and/or right
hypochondrium pain (presumably resulting from swell-
ing of the steatotic liver and concomitant stretching of
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the capsule) was more prevalent in patients with MIC
than in those with ASH (P < 0.03). Patient character-
istics at baseline are summarized in Table 1. The mean
age was 49 years, with an equal number of men and
women. Compared to patients with ASH, patients
with MIC reported higher daily alcohol consumption,

which was heavy continuous alcohol intoxication in all
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TABLE 1. PATIENT CHARACTERISTICS

Parameter MIC (n=12) ASH (n=24) PValue
Age (years) 49132  493x1.7 0.85
Sex (male/female) 6/6 1212 0.99
BMI (kg/m?) 25941 25347 0.76
Reporfed alcohol intake (g/day) 190 +10.1 145+11.6 <0.01
Time inferval hospital admission 3.2 [1-7] 3.3[1-6] 0.82
fo biopsy (days)
MELD score 16927 213+13 <0.05
HVPG (mm Hg) 11+1.4 17.3+£0.7 <0.001
WBC (G/L) 7119 11.6+£1.5 <0.05
AST (IUL) 260+ 98 11511 0.36
ALT (IUL) 80+15 39+£3.9 <0.02
GGT (IU/L) 1,331 £375 561 £131 <0.001
Alkaline phosphatase (IU/L) 26174 139£16 <0.05
Serum bilirubin (umol/L) 152.3+3.8 201 +30 0.54
Serum triglycerides (mmol/L) 65+1.8 1.48£0.2 <0.01
Serum fotal cholesterol 8.6+1.8 3.3+0.39 <0.001

(mmol/L)

Data show mean + SD or median [range].

Abbreviations: ALT, alanine aminotransferase; AST, aspartate ami-
notransferase; BMI, body mass index; G/L, gigagram per liter; IU,
international units; WBC, white blood cell.

patients and not a binge drinking pattern. Compared
to ASH, patients in the MIC group presented with
a lower MELD score and HVPG value. Laboratory
tests of patients with MIC showed lower white blood
cell count, significantly elevated values of the transam-
inases gamma-glutamyltransferase (GGT) and alka-
line phosphatase, but similar values of total bilirubin
compared to those with severe ASH. Strikingly, serum
values of both total cholesterol and triglycerides were
higher in MIC compared to ASH (Table 1), but the
body mass index was similar between groups.

All patients received standard supportive care that
was supplemented by steroid therapy in patients with
severe ASH; all but 7 responded to the therapy based
on the Lille score.’” During the 3-month follow-up
period, death or liver transplantation occurred in
11 patients in total. Four patients died in the MIC
group after a median time of 34.5 days (range, 5-55
days) due to infections (n = 2), cardiovascular disease
(n = 1), and renal cause (n = 1). In the ASH group,
1 patient received early liver transplantation and 6
patients died after a median time of 28.5 days (range,
10-62 days) due to liver-related complications (n = 3),
infections (n = 2), and cardiovascular disease (n = 1)

(Fig. 3). Clinical episodes of hepatic encephalopathy
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were observed in 1 and 3 patients from the MIC and
ASH groups, respectively. Available data at 4 weeks
in survivors showed a significant reduction in the
MELD score compared to baseline values in both
MIC ([mean + SD] 16.9 + 2.7 to 11.8 + 2; P < 0.03)
and ASH (21.3 + 1.3 to 16.3 + 2; P < 0.03) groups.
In spite of systematic in-hospital management of
alcohol use disorder, 4 patients (25%) and 5 patients
(17%) in the MIC and ASH groups, respectively,
returned to harmful alcohol consumption. However,
none presented with recurrence of AH syndrome

during follow-up.

HISTOLOGIC
CHARACTERIZATION
A detailed examination and semiquantitative

evaluation of histologic lesions on liver biopsy were
obtained from all patients. By definition," all patients
with ASH showed macrovesicular steatosis of vary-
ing intensity, polynuclear neutrophilic infiltration,
and ballooned hepatocytes. Ballooning was scant or
not observed in patients with MIC. A comparison
of histologic features between groups is illustrated
in Fig. 4. Compared to ASH, patients in the MIC
group had significantly more steatosis (both mac-
rovesicular and microvesicular) but less hepatic fibro-
sis. All patients with ASH had advanced underlying
fibrosis at a stage of cirrhosis except for 1 patient with
extensive fibrosis. The intensity of bilirubinostasis was
similar, being canalicular or ductular alone or associ-
ated with a hepatocellular pattern in 50% of patients
with MIC and 33% of those with ASH (P = 0.47).
Megamitochondria were significantly more frequent
in patients with MIC compared to ASH and occa-
sionally colocalized to areas of MIC. Concordance
was excellent between both liver pathologists, with a
low interobserver variation (kappa value, 0.9). Hence,
relevant differences between MIC and ASH included
microvesicular and macrovesicular steatosis, inflam-
mation, stage of liver fibrosis density, and density of
megamitochondria.

HEPATIC GENE EXPRESSION
ANALYSIS

The genomic substudy was restricted to liver
biopsy specimens from 7 and 14 patients with MIC
and ASH, respectively. High-quality RNA obtained
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FIG. 3. Patient survival at 3 months of follow-up. The solid line is MIC, the dotted line is severe ASH. P value is nonsignificant.

from all samples allowed a comprehensive hybrid-
ization and gene expression profile study. Four hun-
dred genes demonstrated a differential expression of
2-fold or greater and a false discovery rate <0.05 (Fig.
5). Thus, compared to patients with ASH, we iden-
tified in the MIC group several up- and down-reg-
ulated genes associated with the following biological
pathways or functions: cellular proliferation and
repair (cyclin A2 [CCNA2], marker of prolifera-
tion Ki-67 [MKi67], cluster of differentiation 34
[CD34], hepatocyte growth factor [[HHGF]), inflam-
mation (arachidonate 5-lipoxygenase activating pro-
tein [ALOX5AP], C-C motif chemokine receptor 2
[CCR2], C-C motif chemokine ligand 21 [CCL21],
neutrophil cytosolic factor 1 [NCFI], tumor necro-
sis factor superfamily member 14 [ TNFSF14]), lipid
metabolism (thyroid hormone responsive [7HRSP],
perilipin 2 [PLINZ], sterol-C5-desaturase [SC5D]),
mitochondrial activity (glycerol-3-phosphate acyl-
transferase, mitochondrial [GPAM]), liver fibrosis
(fibroblast growth factor 7 [FGF7], collagen type
V alpha 1 chain [COL541], lysyl oxidase like 1
[LOXLI]), and detoxification (cytochrome P450
family 4 subfamily F member 22 [CYP4F22]).
The most relevant differentially expressed genes in
patients with MIC compared to ASH are summa-
rized in Fig. 5.

Discussion

The present study provides detailed characteristics
of patients with acute alcohol-induced severe MIC
of the liver mimicking ASH, a condition also known
as alcoholic foamy degeneration.” Compared to an
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age- and sex-matched population with histologically
confirmed severe ASH, we show that patients who
drink heavily and present with the AH syndrome
and a diagnosis of MIC demonstrate striking differ-
ences in biochemical profile, histologic alterations,
and differentially expressed genes in liver biopsy
specimens. Being aware of this particular form of
acute alcoholic liver injury is important and clini-
cally relevant and underlines the heterogeneity of
histologic lesions that may be observed in patients
with clinical AH. In our tertiary-care hospital with
approximately 60 patients admitted annually with
the AH syndrome and a liver biopsy performed early
and systematically according to our local guidelines,
we report an actual frequency of 8% for severe MIC,
which is consistent with the limited reported data.’®)
Except for supportive care and promotion of alco-
hol abstinence, no specific therapy is indicated in
this situation.”” Contrasting with severe ASH with
high short-term mortality even when steroids are
administered,” as in our population, most patients
with MIC reported in the literature have a favorable
clinical course and show improved biological tests
under supportive treatment.*”) However, it has to
be stressed that reported cases are relatively rare,
the severity of MIC infiltration is not systematically
detailed,(4) and causes of death when provided are
in relation to serious metabolic alterations™ con-
sistent with mitochondrial dysfunction.*”

The biochemical profile of the patients in our
study presenting with MIC shows differences com-
pared to patients with severe ASH. The absence of
leucocytosis is consistent with a noninflammatory
condition. A typically mild elevation in transaminases
in ASH®? contrasts with the higher value observed
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FIG. 4. Graphical illustration of histologic features measured semiquantitatively in liver biopsies of patients with MIC or severe ASH.
Data show mean +SEM. °P < 0.001 versus ASH; *P < 0.01 versus ASH; *P < 0.05 versus ASH.

in MIC, while the high GGT value could be related
to the more important reported daily alcohol intake.
The finding of high alkaline phosphatase and total

serum bilirubin in all patients is consistent with pub-
lished studies both in severe ASH®>?** and MIC*®

and is associated with the severity of this acute liver
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expression
l High
Low
. /LOX5AP
HG
—— CYP4F22
______ SC5D
Patient ID
C r E2F TARGETS

Gene fi symbol Gene name FC P value
Cell repair/ CCNA2 Cyclin A2 +5.87 0.02
proliferation
MKi67 Proliferation marker Ki67 +3.8 0.001
CD34 CD 34 molecule =3.01 0.01
HGF Hepatocyte growth factor -2.19 0.003
Inflammation  ALOX5AP Arachidonate 5 lipoxygenase- -8.57 0.01
activating protein
CCR2 Chemokine receptor-2 -2.87 0.001
cCL21 Chemokine (C-C motif) ligand 21 -6.5 0.002
NCF1 Neutrophil cytosolic factor-1 -2.9 0.05
TNFSF14  TNF ligand superfamily member 14 -2.6 0.01
Lipids THRSP Thyroid hormone responsive +12.55 0.02
metabolism
SCsD Sterol-C5-desaturase +2.45 0.02
PLIN2 Perilipin 2 +4.55 0.01
Mitochondrial GPAM  Glycerol-3-phosphate acyltransferase ~ +3.04 0.01
activity mitochondrial
Liver fibrosis FGF7 Fibroblast growth factor 7 -6.51 0.002
COL5A1 Collagen type IV alpha 1 —4.54 0.002
LOXL1 Lysyl oxidase-like 1 -5.67 0.006
Detoxification CYP4F22 Cytochrome P450, family4, subfamily +3.36  0.0004

F, polypeptide 22

G2M CHECKPOINT

FATTY ACID METABOLISM

MITOTIC SPINDLE

CHOLESTEROL HOMEOSTASIS
MYC TARGETS V2

PEROXISOME

Molecular pathways
] MYC TARGETS V1

induced in MIC OXIDATIVE PHOSPHORYLATION

MTORC1 SIGNALING

INTERFERON ALPHA RESPONSE

SPERMATOGENESIS

BILE ACID METABOLISM

DNA REPAIR

IL2 STAT5 SIGNALING

MYO

COAGULATION

WNT BETA CATENIN SIGNALING
TGF BETA SIGNALING

KRAS SIGNALING UP

TNFA SIGNALING VIA NFKB
HEDGEHOG SIGNALING

APICAL JUNCTION

ALLOGRAFT REJECTION
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INFLAMMATORY RESPONSE
ANGIOGENESIS

EPITHELIAL MESENCHYMAL TRANSITION
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| Molecular pathways
induced in ASH
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FIG.5. Molecular comparison of MIC and severe ASH. (A) Microarray data with hierarchical clustering analysis of most differentially
expressed hepatic genes (false discovery rate, <0.05) in patients with MIC compared to patients with ASH. The patient’s number appears
in columns, and the expressed genes are listed in rows. Key selected genes are highlighted. Gene names are shown in (B). (B) Table
summarizing a selection of differentially expressed genes in MIC and severe ASH. (C) Molecular pathways expressed in MIC and severe
ASH. Abbreviations: DN, down; E2F, transcription factor E2F; IL2, interleukin 2; MTORC1, mammalian target of rapamycin complex
1; NFKB, nuclear factor kappa B; STATS, signal transducer and activator of transcription 5; TGE, transforming growth factor; TNF,

tumor necrosis factor; UV, ultraviolet.

injury® and poor prognosis.?® The disturbed lipid
profile, which is often described in heavy alcohol
consumption,(zs) showed particularly elevated blood
values of triglycerides and total cholesterol in patients
with MIC, as reported.*® This alcohol-induced
hyperlipidemia results from an altered lipoprotein
and cholesterol metabolism®® with a possible role of
associated mitochondrial dysfunction. Accordingly,
binge alcohol-related MIC in mice induces epigen-
etic modifications and hepatic triglyceride accumu-
lation.®” Regarding hematologic manifestations, we
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did not observe concomitant hemolytic anemia, such
as described under the name of Zieve’s syndrome.?®)

Except for the importance of MIC, major dif-
ferences at histology observed in MIC compared
to ASH include minimal liver fibrosis, absence
of inflammation, few ballooned hepatocytes, and
increased megamitochondria density. The mark-
edly increased density of megamitochondria in
the liver biopsy of patients with MIC confirms
previous 429 The combination of
megamitochondria and low fibrosis stage has been

observations.
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described in ALD and associated with few liver-
related complications and good outcome.*°
pathogenic point of view, it has been proposed that
megamitochondria formation results from an adap-
tative survival strategy for the cell in an unfavorable
environment,”) as in a situation of heavy alcohol
consumption.(zg)

) From a

Our microarray-based approach provides original
data consistent with biological and histologic findings
in MIC compared to ASH, showing up- or down-
regulated hepatic genes and metabolic pathways. Of
note, genes encoding for biological functions, such as
inflammation, fibrosis, and lipid metabolism, were dif-
terentially expressed in MIC and were able to truly dis-
criminate these two entities. PLIN2 (or adipophilin) is
increased in MIC from other causes, such as metabolic
disorders (including glycogenosis and toxic liver dam-
age), and PLIN2 immunohistochemistry could thus be
a marker of small lipid droplets.®” Another noteworthy
difference between the two diseases points to a possi-
ble role of acquired mitochondriopathy with increased
megamitochondrial density and overexpression of a gene
encoding for a key enzyme in fatty acid oxidation.®>%)

The underexpression of genes involved in liver fibro-
sis and inflammation in patients with MIC is consis-
tent with the histologic description of the lesions.
These ultrastructural changes are believed to result
from severe alcohol-induced oxidative stress affect-
ing both the mitochondrial membrane structure and
energy production. The marked overexpression of the
GPAM gene modulating an important enzymatic activ-
ity in fatty acid oxidation®®® is consistent with impaired
mitochondrial function due to alcohol'” and may par-
ticipate in the accumulation of intracellular lipids.

Thus, how do we conciliate development of the
AH syndrome with major mitochondrial alterations,
severe microvesicular changes, but no inflammation?
It is well accepted that heavy alcohol consumption
generates major oxidative stress®? that affects a num-
ber of intracytoplasmic structures, including the mito-
chondria.®” As a result, mitochondrial p-oxidation
and energy production are severely depressed,(lo)
promoting MIC, dyslipidemic changes, and hepa-
tocellular damage that may be associated with
apoptosis or necrosis.®® The mechanisms of hyper-
bilirubinemia and bilirubinostasis in MIC have not
been elucidated to date. We speculate that factors,
including hepatocellular damage, intracytoplasmic
mechanical stress due to numerous lipid droplets, or
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mitochondriopathy-associated energy failure affecting
bile transport and flow, such as reported in drug-in-
duced liver injury,(37) could participate in intrahepatic
cholestasis of severe MIC.

We acknowledge that our study suffers from some
limitations. First, choosing a cut-off value of 50% or
more on liver biopsy prevents generalization of our
results to steatosis of minor intensity, as MIC has to be
regarded as a continuum in histologic alterations seen in
ALD. Second, we speculate that MIC-associated mito-
chondriopathy could have played a role in those patients
with poor outcome, although this should be confirmed
in future translational approaches. Third, in spite of
some differentially expressed genes involved in lipid
metabolism and mitochondrial function, our genomic
analysis simply corroborates histologic and biological
findings observed in MIC and ASH. The possible use
of these data as therapeutic targets or as biomarkers
could be future subjects of research. Finally, the clinical
implications and changes over time of serum lipid alter-
ations observed in MIC deserve further investigations.

To conclude, this clinically relevant and original
study describes the characteristics of severe MIC as an
acute ALD that comprises 8% of patients presenting
with AH and that clinicians need to be aware of. No
specific treatment has

outcome is variable((”ll;

roved beneficial and clinical
thus, further investigations
are necessary.

Acknowledgment: We thank Nathalie Lin-Marq and
Mylene Docquier for expert technical assistance in
the hepatic gene expression study and Cassandra
Oropesa for the collection of clinical and biological
data.

REFERENCES

1) Crabb DW, Bataller R, Chalasani NP, Kamath PS, Lucey M,
Mathurin P, et al; NIAAA Alcoholic Hepatitis Consortia.
Standard definitions and common data elements for clinical tri-
als in patients with alcoholic hepatitis: recommendation from
the NIAAA Alcoholic Hepatitis Consortia. Gastroenterology
2016;150:785-790.

Crabb DW,Im GY, Szabo G, Mellinger JL, Lucey MR. Diagnosis
and treatment of alcohol-associated liver diseases: 2019 practice

2)

guidance from the American Association for the Study of Liver
Diseases. Hepatology 2020;71:306-333.

European Association for the Study of the Liver. EASL clinical
practice guidelines: management of alcohol-related liver disease. J
Hepatol 2018;69:154-181.

Uchida T, Kao H, Quispe-Sjogren M, Peters RL. Alcoholic foamy
degeneration—a pattern of acute alcoholic injury of the liver.

Gastroenterology 1983;84:683-692.

3)

4)

627



SPAHR ET AL.

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

628

Mathurin P, O’Grady ], Carithers RL, Phillips M, Louvet A,
Mendenhall CL, et al. Corticosteroids improve short-term sur-
vival in patients with severe alcoholic hepatitis: meta-analysis of
individual patient data. Gut 2011;60:255-260.

Roth N, Kanel G, Kaplowitz N. Alcoholic foamy degeneration
and alcoholic fatty liver with jaundice: often overlooked causes
of jaundice and hepatic decompensation that can mimic alcoholic
hepatitis. Clin Liver Dis (Hoboken) 2016;6:145-148.
Wakabayashi T. Megamitochondria formation - physiology and
pathology. ] Cell Mol Med 2002;6:497-538.

Lee SJ, Zhang J, Choi AM, Kim HP. Mitochondrial dysfunction
induces formation of lipid droplets as a generalized response to
stress. Oxid Med Cell Longev 2013;2013:327167.

Flejou JE, Degott C, Kharsa G, Soulier A, Rueff B, Potet
F. Alcoholic foamy steatosis: study of 3 cases. [in French]
Gastroenterol Clin Biol 1987;11:165-168.

Fromenty B, Pessayre D. Impaired mitochondrial function in
microvesicular steatosis. Effects of drugs, ethanol, hormones and
cytokines. ] Hepatol 1997;26(Suppl. 2):43-53.

Yuzuriha T, Okudaira M, Tominaga I, Hori S, Suzuki H, Matsuo
Y, et al. Alcohol-related sudden death with hepatic fatty meta-
morphosis: a comprehensive clinicopathological inquiry into its
pathogenesis. Alcohol Alcohol 1997;32:745-752.

Spahr L, Rubbia-Brandt L, Pugin J, Giostra E, Frossard J-L,
Borisch B, et al. Rapid changes in alcoholic hepatitis histology
under steroids: correlation with soluble intercellular adhesion
molecule-1 in hepatic venous blood. ] Hepatol 2001;35:582-589.
Spahr L, Lambert J-F, Rubbia-Brandt L, Chalandon Y, Frossard
J-L, Giostra E, et al. Granulocyte-colony stimulating factor in-
duces proliferation of hepatic progenitors in alcoholic steatohep-
atitis: a randomized trial. Hepatology 2008;48:221-229.
Kalambokis G, Manousou P, Vibhakorn S, Marelli L, Cholongitas
E, Senzolo M, et al. Transjugular liver biopsy-indications,
adequacy, quality of specimens, and complications—a systematic
review. ] Hepatol 2007;47:284-294.

No authors listed. Alcoholic liver disease. morphological manifes-
tations. Review by an international group. Lancet 1981;1:707-711.
Altamirano J, Miquel R, Katoonizadeh A, Abraldes JG, Duarte-
Rojo A, Louvet A, et al. A histologic scoring system for prog-
nosis of patients with alcoholic hepatitis. Gastroenterology
2014;146:1231-1239.e1-6.

Subramanian A, Tamayo P, Mootha VK, Mukherjee S, Ebert BL,
Gillette MA, et al. Gene set enrichment analysis: a knowledge-
based approach for interpreting genome-wide expression profiles.
Proc Natl Acad Sci U S A 2005;102:15545-15550.

Liberzon A, Birger C, Thorvaldsdottir H, Ghandi M, Mesirov JP,
Tamayo P. The molecular signatures database (MSigDB) hallmark
gene set collection. Cell Syst 2015;1:417-425.

Louvet A, Naveau S, Abdelnour M, Ramond M-J, Diaz E, Fartoux
L, et al. The Lille model: a new tool for therapeutic strategy
in patients with severe alcoholic hepatitis treated with steroids.
Hepatology 2007;45:1348-1354.

Ruiz P, Michelena J, Altamirano J, Miquel R, Moreira L, Cérdenas
A, et al. Hepatic hemodynamics and transient elastography in
alcoholic foamy degeneration: report of 2 cases. Ann Hepatol
2012;11:399-403.

21)

22)
23)

24)

25)
26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

HEPATOLOGY COMMUNICATIONS, April 2021

Mitchell T, Chacko B, Ballinger SW, Bailey SM, Zhang ],
Darley-Usmar V. Convergent mechanisms for dysregulation
of mitochondrial quality control in metabolic disease: impli-
cations for mitochondrial therapeutics. Biochem Soc Trans
2013;41:127-133.

Im GY. Acute alcoholic hepatitis. Clin Liver Dis 2019;23:81-98.
Spahr L, Rubbia-Brandt L, Genevay M, Hadengue A, Giostra
E. Early liver biopsy, intraparenchymal cholestasis, and progno-
sis in patients with alcoholic steatohepatitis. BMC Gastroenterol
2011;11:115.

Nissenbaum M, Chedid A, Mendenhall C, Gartside P. Prognostic
significance of cholestatic alcoholic hepatitis. VA Cooperative
Study Group #119. Dig Dis Sci 1990;35:891-896.

Chait A, Mancini M, February AW, Lewis B. Clinical and meta-
bolic study of alcoholic hyperlipidaemia. Lancet 1972;2:62-64.
Lefevre AF, DeCarli LM, Lieber CS. Effect of ethanol on choles-
terol and bile acid metabolism. ] Lipid Res 1972;13:48-55.
Kirpich I, Ghare S, Zhang J, Gobejishvili L, Kharebava G, Barve
SJ, et al. Binge alcohol-induced microvesicular liver steatosis and
injury are associated with down-regulation of hepatic Hdac 1,
7,9, 10, 11 and up-regulation of Hdac 3. Alcohol Clin Exp Res
2012;36:1578-1586.

Melrose WD, Bell PA, Jupe DM, Baikie M]J. Alcohol-associated
haemolysis in Zieve’s syndrome: a clinical and laboratory study of
five cases. Clin Lab Haematol 1990;12:159-167.

Gordon ER. Alcohol-induced mitochondrial changes in the liver.
Recent Dev Alcohol 1984;2:143-158.

Chedid A, Mendenhall CL, Tosch T, Chen T, Rabin L, Garcia-
Pont P, et al. Significance of megamitochondria in alcoholic liver
disease. Gastroenterology 1986;90:1858-1864.

Straub BK, Gyoengyoesi B, Koenig M, Hashani M, Pawella LM,
Herpel E, et al. Adipophilin/perilipin-2 as a lipid droplet-specific
marker for metabolically active cells and diseases associated with
metabolic dysregulation. Histopathology 2013;62:617-631.
Hammond LE, Neschen S, Romanelli AJ, Cline GW, Ilkayeva
OR, Shulman GI, et al. Mitochondrial glycerol-3-phosphate acyl-
transferase-1 is essential in liver for the metabolism of excess acyl-
CoAs. ] Biol Chem 2005;280:25629-25636.

Lindén D, William-Olsson L, Ahnmark A, Ekroos K, Hallberg
C, Sjogren HP, et al. Liver-directed overexpression of mitochon-
drial glycerol-3-phosphate acyltransferase results in hepatic ste-
atosis, increased triacylglycerol secretion and reduced fatty acid
oxidation. FASEB ] 2006;20:434-443.

Lieber CS. Biochemical and molecular basis of alcohol-
induced injury to liver and other tissues. N Engl ] Med
1988;319:1639-1650.

Das SK, Vasudevan DM. Alcohol-induced oxidative stress. Life
Sci 2007;81:177-187.

Pessayre D, Mansouri A, Haouzi D, Fromenty B. Hepatotoxicity
due to mitochondrial dysfunction. Cell Biol Toxicol 1999;15:
367-373.

Pauli-Magnus C, Meier PJ. Hepatobiliary transporters and
drug-induced cholestasis. Hepatology 2006;44:778-787.

Author names in bold designate shared co-first

authorship.



